Benthic foraminifers were studied from lower Paleocene through upper Oligocene sections from Sites 747 and 748. The composition of the benthic foraminifer species suggests a middle to lower bathyal (600-2000 m) paleodepth during the Neogene and a probable upper abyssal (2000-3000 m) paleodepth during the Paleocene at Site 747. Site 748 is thought to have remained at middle to lower bathyal paleodepths throughout the Cenozoic. Principal component analysis distinguished four major benthic foraminifer assemblages: (1) a Paleocene Stensioina beccariiformis assemblage at Sites 747 and 748, (2) an early Eocene Nuttallides truempyi assemblage at lower bathyal Site 747, (3) an early through middle Eocene Stilostomella-Lenticulina assemblage at middle bathyal Site 748, and (4) a latest Eocene through Oligocene Cibicidoides-Astrononion pusillum assemblage at both sites. Major benthic foraminifer changes, as indicated by the principal components and first and last appearances, occurred at or close to the Paleocene/Eocene boundary, and in the late Eocene close to the middle/late Eocene boundary.
INTRODUCTION
Ocean Drilling Program (ODP) Leg 120 drilled three sites on the Kerguelen Plateau in the southern Indian Ocean: northern Site 747 (1696 m, present water depth; 54°48.68'S, 76°47.64'E) and southern Sites 748 (1288 m, present water depth; 58°26.45'S, 78°58.89'E) and 749 (1070 m, present water depth; 58°43.03'S, 76°24.45'E). Below Neogene sediments of varying thicknesses, these sites recovered Paleogene sections of foraminifer oozes and diatom nannofossil oozes between 60 and 320 m thick.
We quantitatively examined benthic foraminifers from the Paleogene sections of Sites 747 and 748. The Neogene benthic foraminifer fauna is treated in a companion paper (Mackensen, this volume).
METHODS

Sample Preparation and Statistical Data Treatment
Benthic foraminifers were studied from 49 samples (10-cm 3 , 20-cm 3 , and core-catcher samples) from lower Paleocene through upper Oligocene sections from Holes 747A and 747C (15 samples; Table 1 ) and from Holes 748B and 748C (34 samples; Table 2 ). The samples were washed through a 63-µm sieve and dried in an oven at 60°C. The residue was dry sieved over a 125-µ,m sieve and aliquots from this fraction were analyzed. Between 200 and 400 specimens were picked when possible. Because of limited sample size, however, only about half of the samples yielded more than 200 benthic foraminifers. The number of individuals is given according to the stratigraphic ranges of the species (Tables 1 and 2) . A list of all species identified is given (Appendix A). In addition, range charts of important taxa are plotted (Figs. 1 and 2).
One simple measure of the faunal diversity is the number of species; however, up to a certain threshold, the number of species depends on the number of counted specimens. Therefore, we plotted the number of species vs. the number of specimens counted per sample for the two sites and found only a weak correlation between these two for counts >IOO (Fig. 3 ). This demonstrates that the benthic foraminifer species were well represented within most of the samples and, in combination with the good preservation of the calcareous fauna, that the number of species can be regarded as a rough approximation of the faunal diversity in samples yielding more than 100 specimens.
For paleoecological reconstructions and for assistance in evaluating the major changes in faunal compositions, Q-mode principal component analysis (with subsequent varimax rotation) was conducted on the census data of all sites (Table 3) to reduce the benthic foraminifer raw data matrix (107 taxa × 49 samples) to four principal components (PCs), which explain 59.2% of the total variance. Only species that occurred in at least two samples and with a relative abundance of 1% in at least one sample, and samples that contained more than 30 specimens were used for statistical analysis (Appendixes B and C).
Stratigraphy and Paleodepth
The stratigraphy of the Paleogene used in this paper is preliminarily based on planktonic foraminifers, calcareous nannofossils and paleomagnetic data as outlined by the Shipboard Scientific Party (Schlich, Wise, et al., 1989) , including the modifications of Berggren (this volume). The geochronology is according to Berggren et al. (1985) and Aubry et al. (1988) . At Site 748, the Paleogene sedimentary record starts in the lower upper Paleocene above a hiatus spanning the Cretaceous/Paleocene boundary. The sedimentary sequence appears to be continuous to the Oligocene/Miocene boundary (Berggren, this volume) , possibly interrupted by two short disconformities in the lower and upper Oligocene, respectively (Schlich, Wise, et al., 1989) . Recovery was poor in the upper Paleocene through lower middle Eocene (Fig. 2) . Paleogene sediments of Site 747 reflect a more complicated tectonic history of extremely rapid subsidence during the late Maestrichtian and early Danian. Consequently, after an approximately 2-3 m.y. hiatus from the late Maestrichtian through early Danian, sedimentation commenced abruptly with volcaniclastic deposits (Aubry and Berggren, 1989;  Schlich, Wise, et al., 1989 , "Site 747" chapter), followed by a pelagic Danian sequence. Then, after a hiatus from =64-58 Ma, of the remaining Paleocene and the Eocene only the early Eocene (=57-53 Ma) is recorded in the sediments. (Probably, the uppermost Paleocene including a complete Paleocene/ Eocene boundary is also recorded, but a meaningful separation between distinct bioevents is not possible because of the extremely low sedimentation rate [Berggren, this volume] ). After a long hiatus (=15 m.y.), sediments are recorded again at the Eocene/Oligocene boundary (=38-35 Ma). After a short hiatus of =4 m.y. in the early Oligocene, sedimentation continued uninterrupted throughout the Oligocene.
Paleodepths for the sites cannot be estimated by backtracking because the Kerguelen Plateau together with the Broken Ridge form a pair of aseismic ridges separated by the Southeast Indian Ridge (Schlich, Wise, et al., 1989, "Introduction" chapter) . Consequently, the basaltic basement drilled at Sites 747 and 748 is not a typical mid-oceanic-ridge basalt (MORB) but is transitional between normal Indian Ocean MORB and Kerguelen and Heard islands oceanic-island basalt (OIB) (Storey et al., 1988) .
In this paper we use the following bathymetric divisions (Berggren and Miller, 1989) : (1) bathyal from 200 to 2000 mbsl and (2) abyssal >2000 mbsl, subdivided into upper bathyal (200-600 mbsl), middle bathyal (600-1000 mbsl), and lower bathyal (1000-2000 mbsl); and upper abyssal (2000-3000 mbsl) and lower abyssal (>3000 mbsl), respectively. Benthic foraminifer assemblages indicate middle to lower bathyal paleodepths for Site 747 for the Neogene and a probable upper abyssal paleodepth for the early Paleocene (Schlich, Wise, et al., 1989, "Site 747" chapter; this chapter) . The paleodepth of Site 748 is thought to have remained similar to that of the present day, that is, middle to lower bathyal, throughout the Cenozoic (Schlich, Wise, et al., 1989 , "Site 748" chapter; this chapter).
BIOSTRATIGRAPHIC RESULTS AND DISCUSSION
A large number of systematic studies on deep-sea benthic foraminifers have been conducted on DSDP material (Douglas, 1973; Schnitker, 1979; Tjalsma and Lohmann, 1983; Murray and Weston, 1984; Thomas, 1985; Woodruff, 1985; Boersma, 1986; van Morkhoven et al., 1986; Boltovskoy and Boltovskoy, 1989; among others) . In spite of this, no widely applicable zonation of the Cenozoic by means of benthic foraminifers has been established, because benthic foraminifers are usually rare in comparison to planktonic organisms, and those species that are more common are long ranging. In addition, benthic foraminifers have changed their depth distribution patterns through time (Douglas and Woodruff, 1981; Tjalsma and Lohmann, 1983; van Morkhoven et al., 1986) , and therefore, deep-sea benthic foraminifer stratigraphic ranges may partly reflect the migration of species across depth Table 2 . Benthic foraminifer raw data of Site 748 given as number of specimens arranged according to the range of species. II   748B  9H  CC  76.31   II   748B  9H-2  72-76  68.82   60  40   8  1  40  43  20  27  11   5  4  5  1  1  5  1   1  4  1  2  1   17  34  11  9  9  2  8  6  6  5  3  3  3   3   2  2  2  2  2  2  2  2  6  1  1  1  1  1  1  1  4  3  1  1  1   II   748B  8H  CC  67.20   16  14  10  7  5  4  3  3 Note: Number of species and number of specimens counted in each sample are also given. zones. Two principal patterns of depth migration were observed: (1) species change their total depth range by extending their upper and/or lower depth limits, and (2) the depth of the species maximum abundance changes without changing the total depth range (Douglas 1979; Tjalsma and Lohmann, 1983) . The depth migration in time and the long ranges of common species severely limits the stratigraphic use of benthic deep-water foraminifers. To avoid the most serious problems with diachronous first and last occurrences of species caused by vertical migration, Berggren and Miller (1989) suggested two independent benthic zonations for the bathyal realm (200-2000 mbsl) and the abyssal realm (>2000 mbsl). In spite of the low biostratigraphic resolution available for Sites 747 and 748, in this paper we compare the Kerguelen Plateau ranges of the biostratigraphic useful species with the Atlantic ranges from Tjalsma and Lohmann (1983) and Thomas (1990) , and with the proposed global ranges given in van Morkhoven et al. (1986) and Berggren and Miller (1989) . On the Kerguelen Plateau at Site 748, highly diagnostic species such as Coryphostomα midwαyensis and Bolivinoides delicα-tulus, which range worldwide from the Late Cretaceous through the late Paleocene (Zone P5), have their last occurrence (LO) within Core 120-748C-24R, which is dated by calcareous nannofossils as Zones NP8 or base NP9 (Schlich, Wise, et al., "Site 748" chapter) , equivalent to planktonic foraminifer Zone P4 (Berggren, 1969; Berggren and Miller, 1988) . At Site 747, the LO of these species is found in Sample 120-747C-2R-5, 117-119 cm (Zones P2-P3), but this is the youngest sample investigated before the hiatus ranging through Subzone P6a (Aubry and Berggren, 1989) . Also, the LO of S. beccαriiformis in the late Paleocene (Subzone P6a) coincides with the previously observed worldwide ranges, although this species is known to have significantly changed its depth range during the Paleocene (see below). We found Tappanina selmensis at Site 748 from the unconformity in the late Paleocene up to the middle early Eocene. This roughly coincides with the findings on Maud Rise, where T. selmensis is common up to the middle early Eocene, but it is very rarely found also in the middle middle Eocene (Thomas, 1990 ). Tjalsma and Lohmann (1983) give a very short range for this species in the Atlantic from the middle late Paleocene (Zone P4) through the early Eocene (Subzone P6b), and van Morkhoven et al. (1986) report the first occurrence (FO) of T. selmensis in the Maestrichtian and the LO also in Subzone P6b.
The FO of Bulimina bradburyi is used as the boundary criterion between the abyssal benthic foraminifer Zones AB1 and AB2 of Berggren and Miller (1989) , which is placed between planktonic Subzones P3a and P3b (Berggren, 1969) . Tjalsma and Lohmann (1983) noted the FO of this taxon in Zone P4. At Site 748, B. bradburyi first occurs in Sample 120-748C-24R-CC (388 mbsf), which was dated as Zone P4 (Schlich, Wise, et al., "Site 748" chapter) . At Site 747, only a few specimens were found in the lower Eocene.
Although Nuttallides truempyi ranges to the end of the Eocene, it is often rare in the upper Eocene (Tjalsma and Lohmann, 1983; van Morkhoven, et al., 1986; Miller and Berggren, 1989; Thomas, 1990) . At Site 748, few specimens of this species are found from the lower Paleocene (Zone P4) Sample 120-748C-24R-CC through the upper Eocene (calcareous nannoplankton Zone NP18) Sample 120-748B-16H-CC, although several samples from this section did not contain any N. truempyi. On Maud Rise (Sites 689 and 690), N. truempyi ranged through the early late Eocene and the latest Eocene, respectively (Thomas, 1990) . At Site 747, N. truempyi was dominant in the basal early Eocene (see discussion below).
In Sample 120-748B-16H-CC (upper Eocene), transitional forms between N. truempyi and N. umbonifer as well as specimens of N. umbonifer (s.s.) are present. Nuttallides umbonifer was a common constituent of the Oligocene fauna of both Sites 747 and 748, and it was a dominant component until the late Miocene at Sites 747 and 751 (Mackensen, this volume; Mackensen et al., this volume) . In the Weddell Sea, the distribution of live TV. umbonifer was found associated with carbonate corrosive bottom water (Mackensen et al., 1990) . Our data suggest that in the southern oceans the transition from N. truempyi to N. umbonifer occurred during the late Eocene, possibly coeval with the buildup of an East Antarctic ice sheet (Prentice and Matthews, 1988; Hambrey et al., 1989; Barron, Larsen, et al., 1989 ). This does not agree with data from Maud Rise, where N. umbonifer was found in lower Eocene sediments (Thomas, 1990) . Berggren and Miller (1989) put the LCO (last common occurrence) of N. truempyi at the middle/late Eocene boundary, the LO of N. truempyi at the Eocene/Oligocene boundary, but the FO of N. umbonifer at the middle/late Eocene boundary. This view is corroborated by our data from Site 748. Tjalsma and Lohmann (1983) place the FO of Vulvulina spinosa and V. mexicana within the earliest Eocene (Subzone P6b) in the Atlantic Ocean. At Site 748, V. spinosa ranges from late Paleocene (Zone P4) Sample 120-748C-24R-CC through the early Oligocene, and at Site 747 from Paleocene Samples 120-748C-2R-5, 117-119 cm (Zones P2-P3), through 120-747C-2R-3, 98-100 cm (Zone P9). Consequently, our data suggest a FO of Vulvulina at or near the early/late Paleocene boundary in the southern Indian Ocean. This corroborates previous reports of V. spinosa from the late Paleocene of the eastern Atlantic Ocean (DSDP Site 525) by Boltovskoy and Boltovskoy (1989) and is in contrast to the findings of Tjalsma and Lohmann (1983) .
The FO of Anomalinoides semicribratus is used to define the base of abyssal benthic foraminifer Zone AB6 (Berggren and Miller, 1989) . The age is given as middle Eocene (planktonic foraminifer zone correlative boundary P11/P12). At Sites 748 and 747, one specimen in Sample 120-748C-19R-CC and two specimens in Sample 120-747C-2R-5,117-119 cm, respectively, are found in the latest Paleocene. This species is also present in the early Eocene of Site 747. In this study we applied a rather wide taxonomic view because of difficulties in the differentiation of this rare species and lumped forms that may be transitional between A. capitatus and A. semicribratus and atypical forms as discussed in van Morkhoven et al. (1986) together with A. semicribratus (s.s.). (see also discussion in Berggren and Miller, 1989) . From the Maud Rise only the occurrence of A. pseudogrosserugosus is reported (Thomas, 1990) .
Cibicidoides subspiratus and Cibicidoides micrus (mostly reported as Gavelinella micro) belong to those Cibicidoides species that are easily identifiable and have some age diagnostic value. Cibicidoides micrus has a long range from the early Eocene (Subzone P6b; van Morkhoven et al., 1986) or middle Eocene (Zone P10; Berggren and Miller, 1989) through the late Oligocene (Subzone P21b; van Morkhoven et al., 1986; Berggren and Miller, 1989) . Cibicidoides subspiratus is reported to occur from the late early Eocene (Zone P9) through the middle middle Eocene (Zone P12; Tjalsma and Lohmann, 1983) or through the late middle Eocene (Zone Pl3; van Morkhoven et al., 1986) . Both of the species were used as index species in the recently proposed benthic foraminifer zonation of Berggren and Miller (1989) . At Site 748 the FO of C. subspiratus is found in Sample 120-748C-10R-CC (Zones P8-P9, NP13) and the LO in Sample 120-748B-18H-CC (Zones P12-P13, NP16). Cibicidoides micrus is found from Samples 120-748B-20H-CC (Zones P11-P12, NP15-NP16) through 120-748B-14H-CC (lower Oligocene).
At Sites 689 and 690 from the Maud Rise, Thomas (1990) describes a middle Eocene through upper Eocene benthic fauna (Assemblage 3), with Bulimina elongata as one of its characteristic to dominant constituents. The upper boundary of this assemblage is proposed at the LCO of B. elongata and the FCO of Turrilina alsatica at about 38.4 Ma (Thomas, pers. comm., 1990). On the Kerguelen Plateau at Site 748, B. elongata first occurs in Sample 120-748B-19H-CC (Zone PU/ 12) and dominates the benthic foraminifer fauna from Samples 120-748B-17H-CC (Zone P14) through 120-748B-16H-CC (Zone Pl5) with its abrupt LO in the same sample. Turrilina alsatica has its FO not before Sample 120-748B-14H-CC (lower Oligocene). Our data suggest a middle middle Eocene FO of B. elongata with a LO in the late Eocene. This agrees with the Maud Rise sites in which B. elongata ranged from about 46.5 through 38.4 Ma (Thomas, pers, comm., 1990) . Preliminary studies of Site 749 with an extended Eocene sequence are promising for a benthic foraminifer zonation of the lower bathyal realm by means of Bulimina chronoclines (Schlich, Wise, et al., 1989, "Site 749" chapter) .
Turrilina alsatica is found from Samples 120-748B-14H-CC up to 120-748B-11H-2, 72-76 cm, which essentially constitutes the lower Oligocene. At Site 748, together with T. alsatica, Astrononion pusillum first occurs in the early Oligocene; its FO is found in Sample 120-748B-14H-CC, but its FCO in Sample 120-748B-13H-2, 72-76 cm. At Site 747, the FO of A. pusillum is found in Sample 120-747C-2R-1, 82-84 cm (Zone NP22) just above the unconformity within the lower Oligocene (Schlich, Wise, et al., 1989, "Site 747" chapter) . This species is a common constituent throughout the Oligocene and Miocene sections of the Kerguelen Plateau sites. At Sites 747 and 751, it becomes the dominant benthic foraminifer component in the late Miocene (Mackensen, this volume) .
Laticarinina pauperata is reported to occur from the early Oligocene (Zone P18 or P19; van Morkhoven et al., 1986) to the Holocene. At Site 748, its FO is in Sample 120-748B-12H-CC, dated as upper lower Oligocene (Zone Pl9/20; Schlich, Wise, et al., 1989 , "Site 748" chapter).
PALEOECOLOGIC RESULTS AND DISCUSSION
Preservation and Diversity
Benthic foraminifers are generally well preserved and abundant in all of the Paleogene samples from Sites 747 and 748, although they are rare in comparison to planktonic foraminifers. Benthic foraminifer faunas in Danian samples from Site 747 are extremely well preserved. Consequently, differences in the diversity between Paleogene samples are unlikely to be a result of diagenetic processes that are triggered by compaction, such as selective dissolution of small and thin-walled species.
At Site 747, the number of species varies between 18 and 31 per sample, and at Site 748 between 14 and 37 per sample (Figs. 4, 5) . At Site 747 high diversities were found in Eocene samples and low diversities occurred in the upper Oligocene and above the hiatus associated with the Cretaceous/Paleogene boundary. At Site 748, the diversity decreased from a peak value in the lower upper Paleocene to a minimum in the upper Paleocene. Subsequently, diversities gradually increased during the Eocene to a maximum in the uppermost middle Eocene; they then decreased again toward a minimum in the uppermost Eocene, just below the Eocene/Oligocene boundary (Fig. 5) . The Oligocene is characterized by varying numbers of species, which were on average higher in the late Oligocene.
Benthic Foraminifer Assemblages Stensioina beccariiformis Assemblage (PC HI): Paleocene, Sites 747 and 748
Beside the dominant species S. beccariiformis, complementary species of minor importance include Cibicidoides spp., C. praemundulus, Stilostomella spp., and Pullenia coryelli; Anomalina praeacuta and Nuttallides truempyi are accessory components. At the deep Site 747, this assemblage dominates the fauna in the lower Paleocene from Samples 120-747C-3R-2, 9-11 cm (180.0 mbsf), through 120-747C-2R-5, 117-119 cm (175.67 mbsf) (Fig. 6 ). At Site 748 the Stensioina beccariiformis assemblage characterizes the upper Paleocene benthic foraminifer fauna from Samples 120-748C-24R-CC (388.0 mbsf) through -19R-CC (340.5 mbsf) (Fig. 7) .
Nuttallides truempyi Assemblage (PC IV): Early Eocene, Site 747
This benthic foraminifer assemblage is dominated by N. truempyi. Other important constituents include Cibicidoides eocaenus, C. praemundulus, and Oridorsalis umbonatus. Accessory components are Pullenia eocenica, Gyroidinoides spp., and Alabamina dissonata. The N. truempyi fauna is found only at Site 747 (Fig. 6 ), where this assemblage dominates the benthic foraminifer fauna in the lowermost Eocene from Samples 120-747C-2R-4, 90-92 cm (173.9 mbsf), through -2R-1, 82-84 cm (169.32 mbsf).
Stilostomella-Lenticulina Assemblage (PC I): Early and Middle Eocene, Site 748
This assemblage is dominated by Stilostomella spp., with Lenticulina spp. as an important component. Cibicidoides praemundulus is an accessory species. The StilostomellaLenticulina assemblage is dominant only at Site 748 from Samples 120-748C-14R-CC (306 mbsf), through 120-748B-17H-CC (152.1 mbsf) (Fig. 7) . This may be partly caused by the incomplete stratigraphic sequence at Site 747; it is probably not the result of different paleoenvironmental conditions at the two sites. At Site 748, the Stilostomella-Lenticulina assemblage dominates the benthic fauna in middle lower through middle Eocene samples. At Site 747, only a lowermost Eocene sedimentary sequence dominated by N. truempyi was recovered.
Cibicidoides-Astrononion pusillum Assemblage (PC II): Latest Eocene and Oligocene
This assemblage is dominated by Cibicidoides mundulus and Astrononion pusillum. Common accessory components include other Cibicidoides species, different Uvigerina species (predominantly U. hispido-costata), Nuttallides umbonifer, Stilostomella spp., Lenticulina spp., and Laticarinina pauperata.
At Site 747, this assemblage characterizes the benthic fauna in the lowermost Oligocene and becomes dominant in the upper lower Oligocene throughout the rest of the Paleogene from Samples 120-747A-18X-CC (170.5 mbsf) through 120-747A-14H-CC (132.5 mbsf) (Fig. 6) . At Site 748, the Cibicidoides-Astrononion assemblage becomes the characteristic species association in the uppermost Eocene and dominates the benthic foraminifer fauna from the upper lower Oligocene through the rest of the Paleogene from Samples 120-748B-15H-CC (133.1 mbsf), through 120-748B-9H-2, 72-76 cm (68.82 mbsf) (Fig. 7) .
Differences Between Sites
Faunas at Sites 747 and 748 differ in relative abundances of some species but are similar in species composition. One of the most striking differences between the quantitative faunal composition occurred in the Paleocene and the earliest Eocene, when the relative abundances of Nuttallides truempyi and Stensioina beccariiformis were different at the two sites. At Site 747, the early Danian was characterized by PC III, dominated by S. beccariiformis, and the early Eocene was characterized by PC IV, dominated by N. truempyi. At Site 748, PC III dominated the benthic foraminifer fauna in the late Paleocene and only a few N. truempyi are found in both the upper Paleocene and the lower Eocene. Consequently, no PC IV was calculated at this site, and the Eocene is characterized by the Stilostomella-Lenticulina assemblage. From the Atlantic Ocean, an early Paleocene abyssal Gavelinella beccariiformis association was described, which gradually became restricted to shallower water during the late Paleocene (Tjalsma and Lohmann, 1983) . On the other hand, the main distribution of TV. truempyi was restricted to abyssal waters during most of the Paleocene; only in the latest Paleocene did its bathymetric range extend to lower and middle bathyal water depths. Applying this to Site 747 Paleocene faunas we conclude that if the site was at the present day water depth (lower bathyal), the observed faunal change from the S. beccariiformis assemblage (PC III) to the N. truempyi assemblage (PC IV) reflects the depth migration of these faunas during the Paleocene. Application of this scheme to the Paleocene Site 748 fauna indicates a middle or lower bathyal water depth during the late Paleocene; however, at least since the latest Paleocene, this site has remained at middle bathyal paleodepth, above the upper depth limit of the N. truempyi fauna.
Boundary Events
Paleocene/Eocene Boundary
At Site 748, during the late Paleocene, a gradual or sequential disappearance of benthic foraminifer species is indicated (Fig. 2) ; also the diversity rapidly dropped (Fig. 5) and an overall change in species composition, as indicated by the principal component analysis, occurred (Fig. 7) . The duration of the extinction event could not be ascertained because of the poor recovery in Hole 748C. The Stensioina beccariiformis assemblage (PC III) was replaced by the Stilostomella-Lenticulina assemblage (PC I). Benthic foraminifers underwent severe extinction globally at this time (Schnitker, 1980; Tjalsma and Lohmann, 1983; Miller et al., 1987; Berggren and Miller, 1989; Thomas, 1990) . Planktonic foraminifers underwent faunal change at the Paleocene/Eocene boundary as well, but there were fewer LOs than at the end of the Cretaceous (Corfield and Shackleton, 1988) .
At Site 747, the Paleocene/Eocene boundary, if present at all, probably is somewhat disturbed because only a very condensed uppermost part of the upper Paleocene was recovered above a disconformity and below the lowermost Eocene (see Aubry and Berggren, 1989; Berggren, this volume; "Stratigraphy and Paleodepth" section, this chapter) . However, both the individual ranges of many of the "old" species and the change in overall faunal composition, as indicated by the principal component analysis, suggest a strong event at or close to the Paleocene/Eocene boundary (Figs. 1 and 6 ), when the Stensioina beccariiformis assemblage (PC III) was replaced by the Nuttallides truempyi assemblage (PC IV). Thomas (1990) stated that the faunal turnover at the Paleocene/Eocene boundary mostly affected trochospiral (possibly epifaunal) benthic species and biserial and triserial (possibly infaunal) species proliferated for a short period (<300,000 yr). According to the classification given by Thomas (1990) , at Site 747 both assemblages, dominated by 5. beccariiformis or N. truempyi, would have been epifaunal. The lack of recovery, however, prevented a detailed study of events across the boundary.
Eocene/Oligocene Boundary
At Site 748, an increase in the number of LOs and FOs occurred in the late Eocene and especially in the latest Eocene (Fig. 2) . Principal component analysis indicates a major faunal shift at the middle to late Eocene boundary, when the Stilostomella-Lenticulina assemblage (PC I) disappears. After a short interval of stability characterized by reduced diversity, a new fauna dominated by Cibicidoides spp. and Astrononion pusillum (PC II) evolved in the late Eocene and became subsequently characterized by Oligocene species such as Nuttallides umbonifer and Turrilina alsatica (Fig. 7) . In the oceans of both hemispheres, major benthic foraminifer faunal changes were described in the late Eocene, but no major benthic faunal changes were associated with the Eocene/Oligocene boundary (Tjalsma and Lohmann, 1983; Miller et al., 1984; Murray and Weston, 1984; Corliss et al., 1984) . In the early Oligocene an increase in δ 18 θ values of = r‰ occurred worldwide (e.g., Savin et al., 1975; Kennett and Shackleton, 1976; Oberhánsli et al., 1984; Keigwin and Corliss, 1986; Miller et al., 1987) . At the Maud Rise sites, the greater part of benthic faunal change is definitely within the Eocene and below the lower Oligocene increase in δ 18 θ values in benthic foraminifers (Thomas, 1990) . Even if the resolution of our study at this state is much less, our data also indicate a major benthic faunal turnover within the late Eocene. The δ 18 θ values of Cibicidoides spp. from Site 748 increase by =2.5%o over the early to late middle Eocene and then reverse close to the middle/late Eocene boundary, decreasing by =0.5%e during the late Eocene, until in the early Oligocene a rapid 1.2%o enrichment occurred (Zachos et al., this volume). The onset of the slight decrease in δ 18 θ values in the late Eocene coincides with the benthic foraminifer change from the Stilostomella-Lenticulina fauna (PC I) to the CibicidoidesAstrononion pusillum fauna (PC II). If this decrease in δ 18 θ values is considered to be significant, it corroborates evidence from benthic foraminifers that a change in bottom-water circulation occurred well before the early Oligocene δ 18 θ shift. The planktonic δ 18 θ values (Chiloguembelina cubensis) at Site 748 slightly increase in the uppermost Eocene close to the Eocene/Oligocene boundary and become similar to the benthic foraminifer values. This is interpreted as a precursorcooling of surface waters over the Kerguelen Plateau, before the major δ 18 θ shift of benthic and planktonic foraminifer stable isotopes in the early Oligocene (Zachos et al., this volume). The >l.O‰ δ 18 θ shift in planktonic and benthic foraminifers and the coeval occurrence of ice-rafted debris (Breza et al., this volume) indicate that much of the δ 18 θ increase was the result of an increase in ice volume and not a drop in global temperatures (Zachos et al., this volume).
SUMMARY AND CONCLUSIONS
Four different benthic foraminifer assemblages populated the central Kerguelen Plateau during Paleogene times at Sites 747 and 748:
1. A Stensioina beccariiformis-dominated assemblage characterizes the Paleocene at both sites.
2. At Site 747, the early Eocene is characterized by a Nuttallides truempyi-dominated assemblage. This site is believed to have been at a lower bathyal paleodepth at that time.
3. At Site 748, an assemblage characterized by Stilostomella and Lenticulina spp. dominated the early and middle Eocene. In the latest Paleocene and early Eocene, this site was situated above the upper paleodepth limit of Nuttallides truempyi, which changed its depth distribution pattern from abyssal during the Paleocene to middle bathyal in the early Eocene.
4. At both sites, the latest Eocene and the Oligocene were characterized by a benthic foraminifer assemblage dominated by Cibicidoides spp. and Astrononion pusillum. Major benthic foraminifer changes occurred at or close to the Paleocene/Eocene boundary and in the late Eocene close to the middle/late Eocene boundary, respectively. These changes are indicated by relative abundance changes, as calculated by principal component analysis, and by a series of LOs and FOs of species in the latest Paleocene and the late Eocene.
Although benthic foraminifer assemblages as used in this paper are not biostratigraphic zones, the upper boundary of the Stensioina beccariiformis assemblage close to the Paleocene/Eocene boundary seems to coincide with the upper boundaries of Berggren and Miller's (1989) bathyal and abyssal benthic foraminifer Zones BB1 and AB2, respectively. The upper boundary of the Stilostomella-Lenticulina assemblage at bathyal Site 748 close to the middle/late Eocene boundary possibly roughly coincides with the bathyal benthic foraminifer zonal boundary between BB3 and BB4 (Berggren and Miller, 1989) , but more precisely it fits the abyssal zonal boundary of AB6/AB7. 
